
A 45-year-old woman who had suffered from
gastrointestinal (GI) symptoms similar to
irritable bowel disease since adolescence
sought a private practitioner in 1991 when
she suspected medical problems from amal-
gam dental fillings. In addition to the bowel
symptoms, she suffered from fatigue. An
analysis of the metal content in the patient’s
feces showed considerably increased concen-
trations of mercury, cadmium, and lead. In
1992 she was referred to the Department of
Occupational and Environmental Medicine
of Huddinge Hospital, Stockholm, Sweden,
for further investigation. No source of occu-
pational or environmental metal exposure
was identified, and the patient showed blood
concentrations of mercury and cadmium
within normal ranges. The patient’s blood
lead concentration was 100 µg/L. The refer-
ence level used by the analytical laboratory at
that time was < 145 µg/L. The analysis of
metals in feces is considered much more
unreliable than levels in blood, and the
physician concluded that there was no evi-
dence of environmental exposure to lead,
mercury, or cadmium. Chelation therapy
with dimercaptosuccinic acid (DMSA),
which had been initiated by the practitioner
in 1991, was continued for 2 years. The
patient received oral treatment two to three
times per week, but we do not know the exact
dose. Symptoms were mainly unchanged dur-
ing the treatment period.

In August 2001 when the patient saw
another physician, a moderately increased
blood lead level of 210 µg/L was found (normal
range in unexposed subjects < 40 µg/L). At that
time, the DMSA medication was started again,
and she was referred to the Department of
Occupational and Environmental Health in
Stockholm. A repeated blood lead sample in
December 2001 showed an even higher blood
lead concentration of 550 µg/L. 

This patient was born in Germany in 1956
and moved to Sweden in the mid-1970s.
During 1980–1994 she gave birth to eight
children, the last of them twins. In the early
1980s she worked at day care centers, and in
1997 she began working part-time cleaning
buildings. The family lived in a house built in
the 1930s. She was a smoker during the 1980s
(except during pregnancy), but she quit smok-
ing in the early 1990s. Her alcohol consump-
tion was low, about one bottle of wine per
month, and she did not abuse drugs. She had
no psychiatric problems.

During the investigation at the Department
of Occupational and Environmental Health
she reported increasing GI problems with
daily diarrhea for about a year. She also suf-
fered from coldlike symptoms in combination
with malaise and fatigue several times a week.
A clinical examination, including a standard
neurologic examination (standard arm and leg
reflexes, skin sensibility, and two-point dis-
crimination in hands) was normal.

Figure 1 shows the development of the
patient’s blood lead pattern. Blood lead levels
peaked in December 2001, and thereafter a
gradual decline was evident. Beginning in
December 2001, all analyses were performed
by inductively coupled plasma-mass spec-
trometry at laboratories that were accredited
for analysis of lead in blood; previous samples
(from August 2001 and 1991) were not ana-
lyzed at accredited laboratories. The DMSA
treatment that had been started in 2001 was
discontinued in February 2002. 

In January 2002, we began our investiga-
tion by asking the patient about potential
lead sources in her diet or in the environ-
ment. She had no contact with lead crystal
glassware or lead-glazed pottery, and her food
habits were normal. The blood lead concen-
trations in the other family members were
normal. Her hematologic parameters and kid-
ney function were normal, and she showed
no signs of microproteinuria. In October
2002, lead in urine was increased (75 µg/L;
reference value < 30 µg/L), and an X ray of
the abdomen showed a dense rounded metal
object with a diameter of approximately
6 mm at the colon ascendens. While waiting
for a computed tomography (CT) scan,
which we planned in order to localize the
object more precisely, the patient contracted
the winter vomiting disease (gastroenteritis)
in January 2003. During severe diarrhea, the
object was released from the GI tract. The
object was identified as lead shot pellet used
for game hunting, and marks on it showed
that it had been fired through a rifle. The lead
shot pellet had a diameter of 6 mm and a
mass of 1.7 g (Figure 2). A new abdominal
X ray confirmed that the object was no longer
in the colon.

The woman confirmed that she had con-
sumed game at several occasions: she had eaten
wild boar at a restaurant in Sweden in 1993,
and hare or rabbit on some occasions during
the 1990s, both in Sweden and in Germany.
However, she could not recall having eaten
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A 45-year-old woman was referred to the Department of Occupational and Environmental Health
in January 2002 because of increased blood lead concentrations of unknown origin. She suffered
from malaise, fatigue, and diffuse gastrointestinal symptoms. She had a blood lead level of
550 µg/L (normal range < 40 µg/L). The patient had not been occupationally exposed to lead, and
no potential lead sources, such as food products or lead-glazed pottery, could be identified. Her
food habits were normal, but she did consume game occasionally. Clinical examination, including
standard neurologic examination, was normal. No anemia was present. Laboratory tests showed
an increased excretion of lead in the urine, but there were no signs of microproteinuria. An
abdominal X ray in October 2002 revealed a 6-mm rounded metal object in the colon ascendens.
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(gastroenteritis) and the metal object was spontaneously released from the colon during a diarrhea
attack. The object was a lead shot pellet, possibly but not normally used in Sweden for hunting
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meat that contained a hard object at any time.
Her blood lead levels in April 2003, 2 months
after the elimination of the lead shot pellet
from her colon, were still high (345 µg/L).
After another 7 months, the patient’s blood
lead concentration was 72 µg/L, almost down
to reference levels. At that time, the attacks of
malaise and fatigue had disappeared, and the
abdominal symptoms were mild. Since 2003
she has been working full-time.

Discussion

Lead intoxication may be caused by intake of
food and water containing increased lead con-
centrations or by industrial exposure from
inhalation of lead-contaminated air. The
absorption of ingested lead varies from 10 to
60% (Tsuchiya 1986), with an average
absorption of stable lead of 15–20% in adults
(Skerfving 1993). It is less common for lead
objects to be swallowed and retained in the GI
tract. However, similar reports have been
found in the literature. Laszloffy et al. (1998)
reported a 17-year-old male who accidentally
swallowed a fishing weight; the weight was
retained in the stomach and caused severe lead
poisoning, including disturbance of liver func-
tion and signs of encephalopathy. Because it
was impossible to remove the foreign object
by gastroscopy, a gastrotomy was performed,
followed by intravenous treatment with a
chelating agent; the result of this treatment
was a complete clinical recovery.

Durlach et al. (1986) described the case of
a 30-year-old farmer, a frequent hunter and
consumer of game, who was admitted to an
emergency unit because of severe abdominal
pain. Urography was undertaken, showing
29 lead pellets scattered in the areas of the
appendix and adjacent parts of the colon.
High lead levels were found in his blood
(674 µg/L) and urine. After treatment with
enema and EDTA salt infusions, his condi-
tion improved. X rays, however, revealed that
14 lead pellets were still trapped in the appen-
dix. Accordingly, an appendectomy was per-
formed to cure the patient from his lead
poisoning. Thereafter, the blood lead concen-
tration gradually returned to normal. 

Madsen et al. (1988) studied patients
prospectively referred to a hospital for routine

radiography of the abdomen. Seven patients
with one or two lead shot pellets retained in
the appendix were identified. For each patient,
two age- and sex-matched controls without
lead shot pellets in the appendix were selected.
None of the patients with lead shot pellets had
blood lead levels near toxic levels, but never-
theless their median blood lead levels were
almost twice as high (114 µg/L vs. 60 µg/L)
compared with the controls. 

Although our patient’s blood lead level of
100 µg/L in 1992 was within the reference
range of the analytical laboratory, it was
somewhat higher than would be expected
among unexposed individuals (at that time
< 60 µg/L). We do not know the reason for
this, but because the patient’s blood lead level
was only slightly above the normal range in
1992, it is probable that the intake of the lead
shot pellet took place between 1993 and
2001. The rapid increase in blood lead level
from August to December of 2001 indicates
that the lead shot pellet may have been
ingested in the autumn of that year. The lead
shot pellet was released from the GI tract in
January 2003. Thereafter, a slow decline in
blood lead level took place, and the blood
lead level was still clearly elevated in April
2003 (345 µg/L). A blood lead sample
7 months later (November 2003) showed an
almost normal blood lead level (74 µg/L;
Figure 1). It seems clear that the high blood
levels were caused by the lead shot, even if it
is not possible to determine exactly when it
was ingested.

The lead shot pellet was larger (diameter
6 mm) than those normally used for hunting
in Sweden and was a type not allowed in the
country. It may have been used for hunting
wild boar or roe deer in Germany and may also
have been used rarely in Sweden (Hagberg S,
personal communication). 

The blood lead levels that we observed, if
they resulted from long-term exposure, could
be associated with GI disturbances (which the
patient had) and neurophysiologic findings of
impaired nerve transmission. However, anemia
or other symptoms of lead intoxication would
not be expected. The patient promptly recov-
ered from the malaise, and her bowel problems
gradually decreased after the elimination of the

lead shot pellet. It is likely that the bowel
symptoms were caused by the lead exposure,
but because the patient suffered from bowel
problems earlier in life, we cannot be certain
that the two are linked.

Similar blood lead patterns have been
observed for other individuals with retained
lead objects in the GI tract. An 8-year-old boy
swallowed 20–25 fishing sinkers and a nail
(Mowad et al. 1998). He quickly reached a
blood lead concentration of 540 µg/L. He
recovered after whole-bowel irrigation,
colonoscopy, and oral succimer treatment. 

Because children have a considerably higher
lead absorption in the GI tract (30–40%) than
adults (15–20%), it is especially important to
promptly examine and diagnose children with
suspected lead objects retained in the GI tract.
Also, necessary treatment should not be
delayed. Otherwise, children may reach toxic
blood lead levels in a few days. Even fatal lead
encephalopathy could be caused by heavy
exposure (Hugelmeyer et al. 1988).

For diagnosis, we recommend venous sam-
pling for blood lead determination in combi-
nation with X-ray screening, especially in
children with a medical history of pica behav-
ior (Mowad et al. 1998) or after suspected
ingestion of lead bodies. An alternative to
X-ray investigations is examination with a
metal detector, which seems to be a simple and
accurate technique to identify ingested metal
objects of various types (Arena and Baker
1990; Tidey et al. 1996). Identification of
sources of elevated blood lead levels by isotope-
specific analyses of 207Pb, 206Pb, and 204Pb in
environmental and biological samples has been
suggested and applied for children (Gwiazda
and Smith 2000). 

Pica behavior during pregnancy has been
reported as a cause of blood lead elevations
both in mother and child (Hamilton et al.
2001). However, our patient was not pregnant
during 1991–1992 or during the present
investigation in 2001–2003. 

Historically, lead acetate has been used as
a sweetener and for antibacterial purposes in
wine (e,g., during the Roman Empire). Some
centuries ago it was discovered that crystal
glass with high concentrations of lead shows a
high durability and brilliance. The lead con-
centration in crystal glassware is often
25–30%; it has been shown that wine kept in
lead crystal glass containers for a long time
may contain a considerable amount of lead.
Graziano and Blum (1991) performed an
experiment in which port wine containing
89 µg/L lead was kept in lead crystal
decanters. After 4 months, the lead level in
the wine reached 3.5 mg/L; long-term storage
yielded concentrations exceeding 20 mg/L.
Other experiments with wine glasses showed
that lead began to elute from lead crystal
within minutes (Graziano and Blum 1991). 

Environmental Medicine | Gustavsson and Gerhardsson

492 VOLUME 113 | NUMBER 4 | April 2005 • Environmental Health Perspectives

600

500

400

300

200

100

0
Oct
1992

Jan
2001

Jan
2002

Jan
2003

Jan
2004

B
lo

od
 le

ad
 le

ve
l (

µg
/L

)

Figure 2. Photograph of the lead shot pellet.
Photographed by G. Hagelthorn.

Figure 1. Patient’s blood lead concentrations from
1992 to 2003. The arrow indicates the elimination of
the lead shot pellet.



Conclusions
Our investigation revealed an unusual source
of lead exposure in this patient. In the first
phase, we directed the investigation toward
finding an environmental source, most proba-
bly a lead-containing food product. Accidental
intake of a lead shot pellet was not suspected,
and we have found very few earlier reports of
this type of exposure among adults. 

Lead objects retained in the GI tract must
be diagnosed and treated promptly. This is
especially important in children who have a
considerably higher GI absorption than adults
and who can reach toxic levels of blood lead
within a couple of days. We suggest an X ray
of the abdomen in cases where external
sources of lead exposure have been eliminated.
The patient should also be followed by regular
blood lead determinations. If possible, lead
objects could be removed from the GI tract by

gastroscopy or colonoscopy. Indications for
and choice of chelation therapy depend not
only on blood lead levels but also on factors
such as severity of symptoms, age of the
patient, and exposure circumstances (Dietrich
et al. 2004; Landrigan 1994). 

REFERENCES

Arena L, Baker SR. 1990. Use of a metal detector to identify
ingested metallic foreign bodies. Am J Roentgenol
155:803–804.

Dietrich KN, Ware JH, Salganik M, Radcliffe J, Rogan WJ,
Rhoads GG et al. 2004. Effect of chelation therapy on the
neuropsychological and behavioral development of lead-
exposed children after school entry. Pediatrics 114:19–26.

Durlach V, Lisovoski F, Gross A, Ostermann G, Leutenegger M.
1986. Appendicectomy in an unusual case of lead poison-
ing [Letter]. Lancet 1(8482):687–688.

Graziano JH, Blum C. 1991. Lead exposure from lead crystal.
Lancet 337:141–142. 

Gwiazda RH, Smith DR. 2000. Lead isotopes as a supplementary
tool in the routine evaluation of household lead hazards.
Environ Health Perspect 108:1091–1097.

Hamilton S, Rothenberg SJ, Khan FA, Manalo M, Norris KC.
2001. Neonatal lead poisoning from maternal pica behavior
during pregnancy. J Natl Med Assoc 93:317–319.

Hugelmeyer CD, Moorhead JC, Horenblas L, Bayer MJ. 1988.
Fatal lead encephalopathy following foreign body ingestion:
a case report. J Emerg Med 6:397–400.

Landrigan PJ. 1994. Lead. In: Textbook of Clinical Occupational
and Environmental Medicine (Rosenstock L, Cullen MR,
eds). Philadelphia:WB Saunders, 751–753.

Laszloffy M, Keszei N, Kakosy T, Soos G, Hudak A, Naray M.
1998. Severe lead poisoning caused by an ingested fishing
weight [in Hungarian]. Orv Hetil 139:963–965.

Madsen HHT, Skjodt T, Jorgensen PJ, Grandjean P. 1988.
Blood lead levels in patients with lead shot retained in the
appendix. Acta Radiol 29:745–746.

Mowad E, Haddad I, Gemmel DJ. 1998. Management of lead
poisoning from ingested fishing sinkers. Arch Pediatr
Adolesc Med 152:485–488.

Skerfving S. 1993. Inorganic lead. In: Criteria Documents from
the Nordic Expert Group, Vol 1 (Beije B, Lundberg P, eds).
Copenhagen:Nordic Council of Ministers, 125–238.

Tidey B, Price GJ, Perez-Avilla CA, Kenney IJ. 1996. The use of
a metal detector to locate ingested metallic foreign bodies
in children. J Accid Emerg Med 13:341–342.

Tsuchiya K. Lead. 1986. In: Handbook on the Toxicology of
Metals. Voulme II: Specific Metals (Friberg L, Nordberg GF,
Vouk VB, eds). 2nd ed. Amsterdam:Elsevier, 312. 

Environmental Medicine | Lead shot in the GI tract

Environmental Health Perspectives • VOLUME 113 | NUMBER 4 | April 2005 493



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice




